Abstract A total of 128 faecal samples/rectal swabs were collected from dogs showing signs of diarrhea/enteritis in and around Puducherry, South India. Eighteen clinical samples, showing high HA titre of 1:512 and above and positivity by polymerase chain reaction (PCR) with CPV2ab primers, were subjected to virus isolation in CRFK cell line. Of the 18 samples processed, 3 samples (16.6%) were positive for CPV and were confirmed by haemagglutination, dot-ELISA, and IFAT. The three cell culture isolates were characterized as CPV-2b types by multiplex PCR as well as by monoclonal antibody typing.
Introduction
Canine parvovirus (CPV-2) is one of the most common pathogenic viruses causing diarrhoea in dogs [1] . After its emergence in the late 1970s [2] CPV-2 underwent a rapid evolution and, within few years, new antigenic types termed CPV-2a and CPV-2b, completely replaced the original CPV-2 [3] . Few years back an antigenic variant had been reported in Italy [4] . That variant has an amino acid substitution, Asp-426 ? Glu, which occurs in a residue of the capsid protein that is considered important for the antigenic properties of CPV-2. This variant (CPV-2/ Glu-426 mutant), currently named as CPV-2c, is distributed in Italy [5] , Spain [6] , United Kingdom [7] , and very recently in Portugal [8] . The disease is reported to be prevalent among canine populations in Puducherry [9] . Isolation and subsequent typing of virus were considered important in epidemiological survey of the prevalent canine parvovirus (CPV) types and also in the effort to produce a vaccine incorporating local strains for control of CPV infection in this geographical location.
Materials and Methods

Processing of Clinical Samples
Faecal samples/rectal swabs from CPV suspected dogs were collected from Teaching Veterinary Hospital, RAG-ACOVAS, veterinary dispensaries and pet clinics situated in and around Puducherry, South India. The faecal samples/rectal swabs obtained from the suspected dogs were emulsified in 1 ml of 0.1 M PBS of pH 7.4 and centrifuged at 6000 rpm for 15 min at 4°C. The supernatant was collected and stored at -40°C until further use.
Screening of Clinical Samples by Haemagglutination and Haemagglutination Inhibition Test
Ninety microlitre of processed faecal sample was treated with 10 ll of chloroform and mixed well. The mixture was kept at 4°C for 10 min and centrifuged at 10000 rpm at 4°C for 10 min. The supernatant was collected and used for haemagglutination test [10] . The haemagglutination inhibition test was conducted using hyperimmune serum raised in rabbits and diluted 1:30 was used for specific inhibition of the HA activity of virus [10] .
Screening of Clinical Samples by PCR Assay Using Cpv-2ab Primer Pair
The processed samples were screened by primer pair CPV2ab (F)/2ab (R) that amplified a 681-bp fragment of the gene encoding capsid protein VP2 of both CPV-2a and CPV-2b types having the sequence as CPV-2ab (F) 5 0 -AAGAGTGGTTGTAAATAATT-3 0 and CPV-2ab(R) 5 0 -CT ATATAACCAAAGTTAGTAC-3 0 [11] .
Isolation of CPV
In the isolation studies Crandell Feline Kidney (CRFK) cell lines were used. Eighteen processed clinical samples, showing high HA titre of 1:512 and above and polymerase chain reaction (PCR) positivity, were filtered using 0.22 lm membrane filter (Millipore, Bangalore) and the filtrates were used in the isolation studies. For isolation of virus was each sample was subjected to five passages. The infected monolayers were harvested 4th day post-inoculation (with or without CPE) by three cycles of alternative freezing and thawing. The virus suspension was clarified at 6000 rpm for 15 min in a refrigerated centrifuge and supernatant was frozen at -40°C for further use [12] .
Detection of the Presence of Virus in Cell Culture
The presence of the virus in the cell culture fluids up to third passage level was monitored by haemagglutination test. The presence of the virus in cell culture fluids at third passage levels was also detected by dot-ELISA [13] using CPV hyper immune serum (1:100) raised in rabbits. Anti rabbit IgG HRPO conjugates were used in 1:100 dilutions. Development of brown color spots after 5-10 min of substrate and chromogen administration indicated positive reactions. CPV vaccine (Megavac-P) and cell cultured fluids from uninfected controls were used as positive and negative controls, respectively [13] . Indirect fluorescent antibody technique for the detection of CPV don in the Leighton tubes containing monolayer of CRFK cell lines infected with CPV samples at third passage level were subjected to IFAT 4 days post-inoculation to detect the presence of virus infection. The cell cultured slides were washed thoroughly in 0.01 M PBS of pH 7.4, treated with CPV hyper immune serum (1:100) raised in rabbits and incubated at 37°C for 1 h. After through washing the slides were further treated with 1:100 dilution of anti rabbit IgG conjugated with FITC for 1 h. The slides examined under UV illumination in a fluorescent microscope [14] .
Typing of CPV by Multiplex PCR The isolates were characterized by a multiplex PCR utilizing primer pairs, CPV-2ab (F)/2ab (R) and CPV-2b (F)/ CPV-2b(R) were used simultaneously, that amplified 681 and 427 bp fragment of the gene encoding capsid protein VP2, respectively. The sequence of the primer pair CPV2ab was described earlier [11] and the sequence of the primer pair CPV-2b was of CPV-2b (F) 5 0 -CTTTA ACCTTCCTGTAACAG-3 0 and CPV-2b(R) 5 0 -ATAGTTA AATTGGTTATCTAC-3 0 [15] . CPV 2b types would respond to both the primer pairs and will generate two specific products at 681 and 427 bp whereas CPV-2a would react with only CPV-2ab primer pair and generate only one specific product at 681 bp.
Typing of CPV by Monoclonal Antibodies
A panel of monoclonal antibodies (A4E3, C1D1, B4A2 and B4E1), supplied by Dr. C.R. Parrish of Cornell University, Ithaca, NY, USA, were used for the study. The CPV strains were characterized as CPV-2, CPV-2a or CPV-2b on the basis of monoclonal antibody reactivity. MAb A4E3, mouse IgG, which are specific for and react well with all CPV isolates. MAb C1D1, mouse IgG, which are very specific and react only with CPV type 2a and 2b isolates and not with CPV-2. MAb B4A2, a rat IgG, reacts with CPV type-2 and 2a isolates, but which reacts to a much lower level (100-fold less) with type 2b isolates. MAb B4E1, a rat IgG, which reacts with CPV-type 2 but which reacts too much lower level with CPV type 2a and 2b isolates [16] .
Results and Discussion
Screening of Clinical Samples by Haemagglutination and Haemagglutination Inhibition Test
Out of the 128 samples screened, 47 (36.71%) samples had the HA titre of 1:32 and above and were considered positive for presence of CPV. Eighteen samples (14.06) showed high haemagglutination titre of 1:512 and above were taken up for virus isolation. The haemagglutination reaction of all the positive samples were specifically inhibited by performing haemagglutination inhibition test using CPV hyper immune serum raised in rabbits (Fig. 1) . Mathys et al. [17] obtained 56.9% positivity for the detection of CPV in faecal samples by haemagglutination assay [17] . In other study the haemagglutination test performed with the 26 samples faecal samples showed 84.6% positively indicating the application of HA test in CPV diagnosis [18] .
Screening of Clinical Samples by PCR Assay
All the eighteen samples showing high haemagglutination titre of 1:512 and above also yielded a single DNA amplicon of 681 bp (Fig. 2) in PCR assay using CPV-2ab primer pair. Desario et al. [19] were utilized five laboratory tests for the diagnosis of CPV type 2 (CPV-2) infections in 89 faecal samples collected from dogs with diarrhoea. The tests employed were immunochromatography (IC), haemagglutination (HA), virus isolation (VI), conventional and real-time PCR the tests were able to detect CPV-2 antigen or nucleic acid in 41, 50, 54, 68 and 73 of the samples, respectively, indicating the higher sensitivity of PCR assay over other diagnostic techniques [19] .
Isolation and Identification of CPV Three samples (1544, 1272 and 3367) (16.66%) out of 18 samples showed mild cytopathic effect in the form of rounding, increased granularity and detached cells 3-4 days post infection from third passage level onwards (Fig. 3) . Rounding and degenerative changes are the cytopathic changes observed 72 h post infection after third passage is characteristic of CPV in CRFK cell lines [12, 19] . Of the 18 samples passaged in CRFK cells, 3 samples (1544, 1272 and 3367) which showed mild cytopathic effect also demonstrated high HA titres up to third passage levels. The HA titres at third passage level were 1:2 8 , 1:2 11 and 1:2 6 for samples 1544, 1272 and 3367, respectively. Out of the 18 samples passaged in CRFK cells, cryolysates of the samples 1544, 1272 and 3367 showed positive reactions in the form of distinct brown spots by dot-ELISA at third passage level (Fig. 4) . CPV isolates in cell culture were further confirmed by IFAT in the infected cell cultures at third passage level. Specific intracellular fluorescence observed in infected cell culture (1544, 1272 and 3367) demonstrated the presence of CPV in infected cell lines. The efficacy of CPV ELISA detection kit with HA and found that CPV-ELISA had a sensitivity of 87% and a specificity of 100% [20] . HA, HI, IFAT and PCR were further used for confirmation and antigenic analysis of the CPV isolates [21, 22] .
Characterization of Cell Culture Isolates by Multiplex PCR Assay and Monoclonal Antibody Typing
The cell culture fluids of the three samples (1544, 1272 and 3367 at third and fifth passage level were subjected to (9100) multiplex PCR. All the three isolates generated two specific amplicons of 681 and 427 bp with CPV-2ab and CPV-2b primers, respectively, and they were characterized as CPV2b types (Fig. 5) . The cell culture fluids of the three samples (1544, 1272 and 3367) at third passage level were also antigenically characterized by using a panel of four monoclonal antibodies. The cell culture fluids at third passage level were also found to be CPV-2b types (Fig. 6 ).
Three isolates of CPV could be obtained out of 18 samples processed in this study. Low isolation rate (16.6%) in this study may be attributable to lower sensitivity of the test as presence of antibodies in the intestinal lumen of the infected dog may bind the virions and prevent viral attachment to cell receptors and the isolation of CPV could be done only for few days post infection [19, 22] . All the three cell culture isolates also generated two specific amplicons of 681 and 427 base pairs confirming them as CPV-2b. Vieira et al. [8] examined 30 faecal samples from dogs with clinical signs of CPV infection for CPV diagnosis by ELISA, conventional real-time PCR, and by minor-groove binding Taqman PCR. Out of the 29 PCR positive samples, 15 were identified as CPV-2b and 14 as CPV-2a. No CPV-2 was detected [8] . The results of molecular typing by PCR assay in Brazil showed that out of the 38 isolates collected during the period from 1982 to 1995, showed that the relative prevalence of the antigenic types changed over time. The predominant strain found during 1980 was CPV-2a, which was substantially replaced by CPV-2b from 1990 to 1995 [15] . In the recent report from North Indian states Sanjukta et al. [23] showed that the CPV-2b was the prevalent strain in North India states. Battilani et al. [24] had typed two CPV isolates obtained from dogs and wolves using the haemagglutination inhibition test with specific monoclonal antibodies and found them as CPV-2b. In future the local isolates need to be incorporated in an attempt to produce a vaccine for successful control of parvovirus infection in canine population. 
